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the local “Chain of Survival”
ABSTRACT
Survival after out-of-hospital cardiac arrest (OHCA) depends on a well functioning Chain of Survival. In tihis article we ana-
lysed different phases of process of improving outcome after OHCA: recognition of potential for improved survival within 
the local system and strictly implementation guidelines for elimination weak links. Continuous focus on the importance of a 
well functioning Chain of Survival with specific strategies to improve quality of care during advanced life support (ALS) and 
post resuscitation has lead to significantly improved outcome of patients with OHCA in Oslo.
KJETIL SUNDE (  )
Surgical Intensive Care Unit
Oslo University Hospital Ulleval
N-0407 Oslo,Norway




   SIGNA VITAE 2010; 5 (Suppl 1): 46 - 49
Keywords: cardiac arrest, local 
Chain of Survival, improving outco-
me, weak links, Oslo, three different 
time periods
Introduction
Approximately 275000 Europeans suf-
fer from out-of- hospital cardiac arrest 
(OHCA) and are treated by the local 
Emergency Medical Systems (EMS). 
(2) Despite evolving evidence based 
guidelines for cardiopulmonary resu-
scitation (CPR), (3,4) survival rates after 
OHCA has not improved much in the 
majority of places around the world. 
In Europe, average survival rate was 
recently reported to be around 10%, 
but with a huge spread between 5 and 
20%. (2) This difference in successful 
outcome is mainly due to the overall 
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Improving outcome after out-of-hospital cardiac arrest by strengthening weak links of the local Chain of Survival; quality of 
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quality of the local Chain of Survival; 
early arrest recognition and call for help, 
early CPR, early defibrillation and early 
post resuscitation care. (5) 
Whereas CPR and defibrillation have 
received the most attention and been 
the major research areas the present 
three decades, post resuscitation care 
has the last 5-10 years received much 
more focus. And, a focused, goaldi-
rected treatment strategy throughout 
the local Chain of Survival is of utmost 
importance. Successful survival (defi-
ned as a survived patient with a normal 
to just a slighly reduced neurological 
function, independent, back to nor-
mal life activites and work) is totally 
dependent on a well functioning pre- 
and inhospital system of care. This is 
very similar and highly comparable to 
success in sports; you will only win the 
gold medal in a 4 x 100 relay in running 
if all the four athlets are in excellent 
condition, good prepared and with an 
excellent collaboration and switching in 
between the different stages. In other 
words, all stages, such as early reco-
gnication, initiation of bystander CPR, 
activation of the EMS system, good 
quality Basic Life Support (BLS), early 
defibrillation, good quality Advanced 
Life Support (ALS), and finally, goaldi-
rected, standardised good quality post 
resuscitation care including percuta-
neous coronary intervention (PCI) and 
therapeutic hypothermia (TH) are all 
important steps for a successful outco-
me. And, the switch between the diffe-
rent treatment steps must be smooth 
and well organised and prepared.    
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Optimizing the local 
“Chain of Survival”
How to locally improve survival after 
OHCA? First of all, documenting Utste-
in data for OHCA is a very useful tool for 
evaluating and critically assessing the 
local Chain of Survival, and for identi-
fication of areas in need of improve-
ments. (6) Then, after critical evaluation 
of the local Utstein data, two important 
questions have to be asked:
Are we happy with the survival rate wit-
hin our institution?
If not, where are the weak links?
So, to emphasize, the most important 
step is to document and understand 
that there is a potential for improved 
survival within the local system. Further, 
the weak links, partly responsible for 
this bad outcome, have to be identifi-
ed and challenged. Efforts to improve 
the weakest links have to be initiated 
and strict implemented. The system will 






In Oslo, Norway, survival to hospital 
discharge for OHCA of cardiac origin 
has been below 10 % for the last 30 
years. (7-9) The city of Oslo covers 
454 km2 and has approximately 550 
000 inhabitants. Oslo has a one-tiered 
community run EMS system. All acute 
care ambulances are manned with 
paramedics. On weekdays between 
7:30 and 22:00, a physician-manned 
ambulance staffed by two paramedics 
and an anesthesiologist functions on 
the same level as the regular parame-
dic staffed ambulances. All parame-
dics are trained to use defibrillators in 
manual mode. Endotracheal intubation 
is the standard method for securing 
the airways, followed by uninterrupted 
chest compressions with 10-12 inter-
posed ventilations per minute. There 
are several hospitals taking care of 
OHCA patients, but the majority of the 
patients (60-70%) are admitted to a 
24 hours PCI center; Oslo University 
Hospital Ulleval.
We recently published a paper based 
on a study evaluating survival after 
OHCA from Oslo over a ten year period, 
with some important changes in the 
local Chain of Survival implemented at 
different time periods. (1) During the first 
period (1996-98), ambulance personnel 
provided ALS according to the 1992 
Guidelines, (10) resulting in poor ALS 
quality with long periods without vital 
organ perfusion and few shocks resul-
ting in return of spontaneous circulation 
(ROSC). (8) There was no standardised 
post resuscitation care/treatment plan 
at any of the five receiving hospitals at 
that time. Modified 2000 Guidelines, 
(11) with more focus on chest com-
pression quality and three minutes of 
CPR prior to and between defibrillation 
were implemented prior to the second 
period (2001-2003), based on findings 
from some local ALS studies. (8,12) 
The main aim of these changes was to 
optimise vital organ perfusion by mini-
mizing  interruptions in chest compres-
sion and a more reasonable timing of 
defibrillations, defined as improving the 
third link in our local Chain of Survival. 
However, there was still no standardi-
sed post resuscitation care in the in-
hospital part of our local chain. In the 
third period (2004-2005), there were 
no additional changes in the preho-
spital ALS protocol, but standardised 
post resuscitation care protocols had 
finally been implemented in the Oslo 
hospitals. (13) At this time, we had rea-
lised that quality of hospital care after 
cardiac arrest matters, (14-16) and the 
landmark studies on therapeutic hypot-
hermia had just been published. (14,15) 
In a study from  Norway, we documen-
ted that survival to discharge varied 
between 34% and 56% in four different 
hospital regions. (16) In similar, a recent 
US report showed a difference in morta-
lity from 41-81% among 39 institutions. 
(17) The post resuscitation protocols 
were applied to all patients regardless 
of initial rhythm or aetiology if active 
treatment was desired. (13) If coronary 
angiography and/or PCI was indicated, 
patients were directly transported from 
the scene to one of the two hospitals 
with this capacity (24 hours/day). 
Our local Chain of Survival was thereby 
changed throughout this ten year peri-
od, with special focus on the last two 
weakest links. The first period (1996-
98) had poor ALS quality and post 
resuscitation care, the second period 
(2001-2003) had good ALS quality but 
poor post resuscitation care, and the 
third period (2004-2005) had both good 
ALS quality and post resuscitation care. 
During these three different time peri-
ods, altogether 1320 patients received 
ALS for OHCA. (1) 
The results showed that there was a 
significantly improved overall survival 
to hospital discharge across the three 
time periods, from 7 % to 10% and 13% 
(p=0.001). (1) Survival with favorable 
neurological outcome (cerebral perfor-
mance cathegory CPC 1-2) was also 
significantly improved (6%, 9% and 
12%, p=0.001).  OHCA patients with 
cardiac origin had also significantly 
improvement in survival, from 9 % to 
12% and 17%, respectively (p=0.003). 
And, finally, among those patients with 
the best survival potential, bystander 
witnessed cardiac arrests with cardiac 
aetiology and initial ventricular fibrillati-
on (VF), survival with favorable neurolo-
gical outcome was 14%, 22% and 33% 
(p=0.001), respectively. Interestingly, 
we documented that despite an increa-
se in negative prognostic factors such 
as more unwitnessed non-VF arrests 
and increased response intervals, out-
come was doubled during these 10 
years. (1)
This has been achieved trough impro-
vents in quality of ALS and post-resusci-
tation care. With high rates of bystander 
CPR in our EMS (above 50%), (7-9) 
the last two links were considered to 
be our weakest. Although none of the 
ALS components such as drug admini-
stration, intubation or advanced airway 
management have been documented 
to improve survival, (18,19) quality of 
ALS is still of course important for out-
come after cardiac arrest. However, 
besides early defibrillation, quality of 
good CPR/chest compressions is pro-
bably more important than drugs (18) 
or other interventions/devices. During 
implementation of the modified 2000 
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guidelines, our ALS training thereby 
focused on optimising chest compres-
sions by stressing the importance of 
adequate force and rate as well as limi-
ting hands-off intervals. Recent studies 
documenting the quality of chest com-
pressions in our EMS (18,20,21) have 
demonstrated huge improvements 
compared to chest compression qua-
lity prior to implementation of the 2000 
guidelines. (8)
The increase in survival, however, was 
most prominent for the third time peri-
od, demonstrating the importance of 
improved  post resuscitation care. After 
implementation of our standardised 
post-resuscitation protocol including 
TH, frequent use of coronary angio-
graphy/PCI, early optimisation of hae-
modynamics, metabolism and seizu-
re control, favourable survival rates 
among patients with witnessed VF 
arrests admitted to ICU increased from 
34% in the first period to 56% in the 
third period. (13) Similar good results 
have also been documented by others, 
(22,23) and the implementation part of 
new treatment strategies like fro exam-
ple TH is challenging and of utmost 
importance. (24)
Our findings are in accordance with 
recent studies reporting temporal 
improvements in survival within two 
different EMS systems. (25,26) A study 
from Seattle reported cumulative effect 
of four EMS program changes with ove-
rall survival to hospital discharge impro-
ving from 31% to 45% during a 30 year 
period in patients with witnessed VF 
arrest. (25) Their local Chain of Survival 
was strengthened by focusing on the 
second and third links with strategies 
to provide early BLS through telephone 
assisted CPR and early defibrillation 
through public access defibrillators and 
equipping first responders with defi-
brillators. (25) Similarly, a large-scale 
population-based study from Japan 
reported improved survival during an 
eight year period after implementing 
changes to the first three links in their 
local chain of survival. (26) By training 
lay persons in BLS, introducing telepho-
ne assisted CPR, placing public access 
defibrillators and training emergency 
medical technicians in defibrillation, 
tracheal intubation and administrati-
on of epinephrine, they saw increased 
neurological intact survival (from 6% 
to 16%) for patients with witnessed VF 
arrest. (26)
Continuous focus on the importance of 
a well functioning Chain of Survival with 
specific strategies to improve quality of 
care during ALS and post resuscitation 
has lead to significantly improved out-
come of patients with OHCA in Oslo. In 
order to continuously improve outcome 
from cardiac arrest in any EMS system, 
attention should be paid to all aspects 
of the Chain of Survival. Resuscitation 
Outcomes Consortium Investigators 
have recently published that there are 
large regional variation in OHCA inci-
dence and outcome, (27) and in a pre-
vious review overall outcome for OHCA 
was reported to vary between 2-11% 
for EMS systems with median respon-
se intervals of 8-9 minutes. (28) With a 
response interval of 9 minutes, outcome 
for our EMS has moved from mid-range 
to top-end of this scale. Such system 
variations may make a huge impact 
on results from multicenter intervention 
clinical trials, and institutions should 
be encouraged to identify and impro-
ve weak links in their Chain of Survival 
to optimize quality of care before new 
interventions are introduced and inve-
stigated. In Maribor, the second largest 
city of Slovenia, they have shown the 
survival potential after OHCA; in their 
effective and innovative resuscitation 
system, (29, 30) they achieve survival 
rates for all rhythms from 21-26% the 
past 5 years (dr. Stefek Grmec). These 
excellent results should be targeted 
goals for everyone interested in impro-
ving outcome after OHCA! It is possible!
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